Bitterbrush (Purshiu tridentata) seeds were treated with one of four repellents-Mestranol, R55, Red Squill, or Alphanaphthylthiourea (ANTU)-and offered to caged deer mice (Perom_vscus maniculatus). ANTU reduced deer mouse consumption of bitterbrush seed the most (up to 90%) and was not toxic to germinating seed. Deer mice consumed even less ANTU treated seed when seed was first soaked in a 3% thiourea solution to hasten germination. Although ANTU did not reduce seed consumption of treated bitterbrush seed (a 2: 55 seed consumed/mouse/night) as much as 0.5% or 1% Endrin (3 = 35-29 seed consumed/mice-/night), this may not be relevant as Endrin is banned in Canada and subject to severe use restrictions on federal lands in the United States.
Rodent consumption
of planted bitterbrush seed has hindered the establishment of this valuable browse species (Holmgren and Basile 1959; Brown and Martinsen 1959) . In a planting test reported by Nord (1965) , 87% of planted bitterbrush seed was taken by rodents. Casebeer (1954) identified deer mice as the major consumer of planted bitterbrush seed. Coating seed with a repellent' is one way to reduce deer mouse predation of bitterbrush seed. A seed repellent is defined here as a chemical that, under the test conditions, causes avoidance of treated seed by a majority of animals before a lethal dosage is ingested. As toxicity of chemicals varies among individual test animals and under different environmental conditions, the distinction between toxicant and repellent is sometimes arbitrary.
In the past, the repellent Endrin* and experimental compound tetramine were used effectively to reduce predation of planted bitterbrush seed (Casebeer 1954; Kverno and Hartwell 1957) . Potential danger to workers or nontarget species has, however, resulted in restricted use of these chemicals or banned them entirely on federal lands in the United States and all of Canada (Evans 1974 , Fraser 1973 .
Alternative repellents to Endrin that reduce conifer seed predation and appear relatively nonhazardous to nontarget animal species have been researched. Four repellents that have reduced deer mouse consumption of conifer seed are: Mestranol, a derivative of 'This publication reports research involving pesticides used as repellents. It does not contain recommendations for their use, nor does it imply that the uses discussed here have been registered. All uses of pesticides must be registered by appropriate State and/or Federal agencies before they can be recommended. 2The use of trade, firm, or corporation names in this publication is for the information and convenience of the reader. Such use does not constitute an official endorsement or approval by the U.S. Department of Agriculture of any product or service to the exclusion of others which may be suitable. and Alpha-naphthylthiourea (ANTU), a derivative of thiourea-produced by Tridom Chemical, Inc. . In this study we evaluated deer mouse consumption of bitterbrush seed treated with these chemicals and standard Endrin treatments.
Methods
Our study was conducted in several stages. Initially, the four repellents named above were evaluated for reduction of bitterbrush seed consumption by deer mice. The initial repellent evaluation showed 9% ANTU to be the most effective repellent; consequently, 6 and 12% concentrations of ANTU were then evaluated. ANTU treated seed pretreated with thiourea, a suggested pregermination treatment for spring seeded bitterbrush (Pearson 1957), was also tested for deer mouse acceptance. To test consistency of deer mouse acceptance of 9% ANTU treated seed, a series of 10 feeding trials was conducted over a 3-year period. Finally, to standardize study results, deer mouse consumption of seed coated with 9% ANTU and seed coated with 1 and 0.5% Endrin was compared.
Germination tests were also made to determine the effect of the adhesive, repellents, and thiourea on the rate and percentage of bitterbrush seed germination.
Seed Treatments
Hulled bitterbrush seeds were coated with an adhesive, Rhoplex AC-33 (stock solution diluted 1 to 3 with water), and one of the tested repellents. Seeds were treated in 200-g lots (approximately 8,000 seeds) to insure uniform coating of individual seeds. For each lot, the required amount of repellent was added to 66 g of adhesive. The adhesive and repellent mix was added to the seed and stirred until seed separation occurred. Seeds were then spread out to air-dry. Seeds were treated with either 3% Mestranol (3 g/ 100 g seed); 9% R55; 9% Red Squill; 6, 9, and 12% ANTU; or 0.5 or 1% Endrin.
In five additional seed treatments, seeds were first soaked in a 3% solution of thiourea for 20 minutes (Pearson 1957) and air-dried. Treated seeds were then divided into five groups-one uncoated, the others coated with Rhoplex alone or with Rhoplex and a repellent (9% ANTU, 0.5% Endrin, 1% Endrin).
Bitterbrush seed were initially treated with repellent at 9% of seed weight because this concentration gave the same amount of surface coverage (approximately 0.004 g/ cm2) as the successful 4% ANTU treatment of Douglas-fir seed . Mestranol was tested at 3% because this was the highest concentration that appeared even remotely economically feasible for field planting ($32 for the Mestranol + seed cost/ kg seed). Endrin, at 0.5 and 1% concentrations, is a standard repellent treatment (Radwan et al. 1970 ). All repellent concentrations are approximations as some repellent loss is inherent in the seed coating procedure (Radwan et al. 1970 ).
Feeding Trials
Repellent treated bitterbrush seeds were fed to individually 393 caged mice to determine the reduction in seed consumption over untreated seed. Mice used in the feeding trials were all trapped in bitterbrush dominant plant associations in the Sierra Nevada foothills and transferred to animal holding rooms at the University of Nevada Reno.
Mice were held for 7 days prior to testing to allow them to adapt to their new surroundings and food (Lab Chow). A surplus of water and Lab Chow was provided to the mice throughout their captivity, including during repellent feeding trials. Providing addi-. tional food choices is in line with EPA (1975) repellent testing guidelines and is consistent with field conditions; obviously other food must be available on sites prior to seeding if deer mice are already present.
Only those mice that consumed 200 or more untreated bitterbrush seed per night in individual feeding tests were used. Thus, the study was not confounded by differences in preference for bitterbrush seed among test mice.
Six or more mice were used as replicates for each repellent treatment.
Each mouse was fed 200 treated or untreated bitterbrush seeds on each of 6 consecutive days. Seeds were given to the mice at 1600 h and the number of seeds consumed by each mouse was recorded at 0800 h the next day. Cages were checked for hoarded or dropped seed, but this rarely occurred. If a mouse died during a test, those results were discarded and an additional mouse tested until a total of 6 or more mice had completed that specific feeding trial.
Mean numbers of seed consumed per day for the fifth and sixth days (combined) of each feeding trial were compared in a one-way analysis of variance. If the analysis showed a significant difference (eO.05) among seed treatments, Hartley's sequential method of testing was used to delineate significantly (-0.05) different treatments (Snedecor 1956 ).
Germination Tests
Thirteen seed treatments were run in germination tests. Seed treatments are listed in Table 1 . Four replicates of 100 bitterbrush seeds each were used in testing germination of seed in each treatment. Those seed treatments not receiving a thiourea pretreatment were stratified at 1oOC for 2 weeks as prescribed by Young and Evans (1976) . Seeds receiving a thiourea treatment were soaked in a 3% thiourea solution for 20 minutes, drained, and air-dried (Pearson 1957). Replicates of each treatment were placed on filter paper in individual petri dishes. All seed treatments (thiourea treated and stratified) were watered and placed in a germination chamber at 15" C. Seeds were watered with a 0.1% fungicide solution (Captan) to reduce seed loss to pathogens as had occurred in earlier studies (Young and Evans 1976) . Germinate counts were made weekly for 7 weeks. Seeds were considered to have germinated when a radicle > 1 cm in length was present.
Germinates at 21 and 49 days were run in separate analysis of variance tests to determine if there was a significant (P-O. 1) difference in germination among seed treatments.
Results and Discussion
We found mice selected for testing could consume an average of 300 untreated seeds per night. Since only 200 treated seeds were provided to the mice each day, our results are a conservative estimate of the total possible reduction in seed consumption. Determination of the relative effectiveness of the tested repellents is unaffected since not all of the treated seeds were consumed.
In the initial feeding trial with the four test repellents, deer mice ate all untreated seed, but consumed 80 to 90% fewer seeds treated with 9% ANTU. ANTU (9$7) 0 was far superior to 3% Mestranol, 9% R55, and 9% Red Squill in reducing deer mice consumption (Fig.  1) . Mestranol was superior to R55 in reducing deer mouse consumption of bitterbrush seed as also reported by Couch and Radwan (1971) for Douglas-fir seed. Deer mouse mortality rates were higher in the ANTU feeding trials than the other three treatments. Approximately one-third of the mice fed seed treated with 9% ANTU died during the feeding trials, one-fourth of the mice fed R55 treated seed died, but none died when fed seed treated with Red Squill or Mestranol. A high mortality rate may be of some advantage on sites where deer mice cannot rapidly reinvade the treated area, but on other sites a stable population of mice conditioned against consuming repellent treated seed may be more desirable (Spencer 1954) .
Control-Untreated 200 ----------____ ----__------___-----

160
In testing different concentrations of ANTU, we found that 9% ANTU was the most efficient in reducing bitterbrush seed consumption. In a summer feeding trial, the 12% concentration of ANTU was no better than the 9% concentration in reducing deer
Stratified seed treatments mouse consumption of bitterbrush seed (i.e., .05%). The 6% con-(I0 C) Thiourea seed treatments centration reduced seed consumption by only 25%.
Control (no adhesive) Control Deer mice consistently consumed less seed soaked in 3% thiouAdhesive coating (Rhoplex) Adhesive coating rea and coated with 9% ANTU than seed coated with 9% ANTU ANTU' (9 percent) ANTU (9 percent) alone (Fig. 2 ), but differences were not significant (FO. 1 ).
personal contact with the undiluted substance is minimized. The health hazard of thiourea treated seed has not been determined; therefore seed must be handled with caution. The ANTU treatment reduced mean deer mouse seed consumption to = 1 seed/ mouse/ night in some tests, but was less effective, = 150 seed consumed/ mouse/ night in others ( Table 2 ). The cause of variation in ANTU acceptance is unknown, but since feeding trial conditions (temperature and food) were generally constant we speculate changes in animal physiology and small differences in seed coating are responsible.
Endrin in 0.5 and 1% concentrations reduced deer mouse consumption of bitterbrush seed more than the 9% ANTU seed treatment but the difference was not significant (Table 3) . As reported earlier by Radwan et al. (1970) , deer mouse mortality (one-quarter of test 1 Mean seed consumption for fifth and sixth day of the feeding trials is presented here to reflect the stabilized seed consumption rate ( fig. I ). *N = number of mice tested.
Germination
Seed treated with 9% ANTU had greater germination after 21 and 49 days than other stratified seed treatments. Endrin and all other repellents depressed germination of stratified seed (Table 4 ). Endrin's inhibitory effect on germination of conifer seed has been previously reported by Fraser (1973) .
The thiourea presoak treatment increased total germination and germination vigor of seeds over stratified seeds in all comparisons tested. This difference in germination between thiourea and stratified treated bitterbrush seed was reported earlier by Evans and Young ( 1977) . Seed treated with thiourea alone had the highest and most rapid germination of any seed treatment. Seed pretreated with thiourea and Endrin (0.5 and 1%) had greater germination than seed treated with ANTU (9%) and thiourea.
The adhesive coating (Rhoplex) inhibited germination of both stratified and thiourea treated seed. Thiourea alone and in combination with Endrin (0.5 and l%), and ANTU alone appear to reduce the inhibiting effects of the adhesive. A more suitable adhesive should be used in future tests. 
Conclusions
ANTU (Alpha-naphthylthiourea) applied as a seed repellent at 9% of seed weight reduced deer mice predation of bitterbrush seed more than 9% R55,9% Red Squill, or 3% Mestranol. Deer mouse consumption of ANTU treated seed varied from near 0 to 150 seed/ mouse/ night among the 10 separate feeding trials. Deer mice consumed more untreated seed (2 = 300 seed/ mouse/ night) than ANTU treated seed in all feeding trials.
Seed pretreated with a 3% thiourea soak to hasten germination (Pearson 1957) was slightly repellent to deer mice. The combination of a 3% thiourea soak treatment and a 9% ANTU coating gave increased repellency over either treatment alone.
Germination of seed treated with ANTU and then stratified was improved over seed only subjected to stratification.
The ANTU seed treatment reduces germination of seed subjected to a thiourea presoak treatment. Because of the large number of seeds protected from mice predation, the reduction in germination of thiourea treated seed does not invalidate the use of ANTU.
Feeding and germination trials indicate ANTU should be field tested as an interim alternative to Endrin in the protection of bitterbrush seed from deer mice. As we encountered variability in ANTU acceptance under controlled environmental conditions, it seems logical to expect increased variability in ANTU effectiveness under field conditions, as was found in field trials of Endrin. The true worth of the ANTU seed treatment can only be determined by testing ANTU treated seed under a wide range of environmental conditions. Literature Cited
